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Keywords: Reactive spray development, surrogate fuels, lift-off length, vapor penetration, ignition delay to reduce pollutant formation and improve efficiency of direct injection diesel 3 engines [1] . To this end, engine research and development groups have been on the effect of nozzle geometry on entrainment, combustion, and pollutant 23 formation, leaves room for fundamental questions on the subject.
24
These fundamental questions could be addressed from the information 25 provided by computational fluid dynamic (CFD) models, which output a 26 large amount of temporal and spatial data that the experimental approach 27 is unable to acquire [6] . Current models still require high-fidelity experimen- about the interaction between nozzle geometry and fuel characteristics over 7 the reactive spray are still not fully understood.
8
CFD models require minimal uncertainties in physical and chemical fuel 9 properties. The development of surrogate fuels is one way to achieve this First, n-heptane has a Cetane number of 56 that is reasonably close to the
17
Cetane number of common diesel fuel, so its ignition is similar to that of 18 diesel fuel which is convenient for ignition or heat release studies [15, 20, 19 27]. In addition, a detailed kinetic reaction mechanism for n-heptane was 20 published by Curran et al. [21] in 1998 with all of the detail required to carry 21 out thorough combustion studies. Recently, it has become apparent that 22 n-heptane is not sufficient as a diesel surrogate, for instance, Idicheria and
23
Pickett [28] showed that the n-heptane flame produces considerably less soot 24 than a #2 diesel flame at similar conditions, and the soot distribution within 25 the flame was also found to be quite different. Therefore, richer surrogates 26 containing aromatics and other species that are important components in 27 diesel fuels must also be represented in the surrogate selected for this study.
28
In the present paper, three surrogate fuels are employed, n-heptane as the 
Test plan 32
The test plan is presented in show appreciable difference in reactivity and ignition delay and hence, a no-34 ticeable effect on spray penetration can be observed. The n-dodecane sprays 35 penetrate faster earlier, followed by the Surrogate sprays, and n-heptane. as will be discussed later in the paper. Moreover, Figure 13 shows that, in all cases, n-dodecane sprays feature 26 the shortest SSI delays, followed by Surrogate sprays and last, n-heptane.
27
Also as stated before, the conical nozzle k15 produces sprays with slightly 28 shorter SSI delays when compared to the cylindrical nozzle k0, this will be 29 discussed further at the end of this section. Figure 11: Total spray intensity (top) and intensity increment (bottom) tracer signals for the two nozzles at particular test condition. In this case the fuel is the Surrogate, rail pressure is 60 MPa, ambient density is 22.8 kg/m 3 , ambient temperature is 900 K and oxygen concentration is 15 %. Figure 12 : Total spray intensity (top) and intensity increment (bottom) tracer signals for the three fuels at particular test conditions. In this case the nozzle is k0, rail pressure is 150 MPa, ambient density is 22.8 kg/m 3 , ambient temperature is 900 K and oxygen concentration is 15 %. In the case of this study, as the test matrix is so large and the trend 18 between nozzles is so consistent, hypotheses should be discussed. The be- 
17
Reacting spray is found to penetrate faster than non-reacting spray due to 
23
Both ignition delay and lift-off length are found to be shortest and longest
24
for n-dodecane and n-heptane, respectively, while the surrogate fuel falls 25 in-between the two pure component fuels. 
